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Abstract 
This article presents results of research on microcutting mechanics and dispersed structure of metallopolymers. It describes 
dispersed materials structure and composition. Article includes experimental identification of the particularities of 
metallopolymers microcutting. It determines where metallopolymers cutting physics mainly differs from physics of cutting 
conventional steels and alloys. It is demonstrated that under enhancing dispersion of the metallopolymers, plastic cutting is 
almost absent; in case of grain included into solid metallopolymer inclusion, inclusion particles can stick to this grain resulting in 
cutting, performed by this inclusion. This document includes results of the inclusions metric parameters calculation and data on 
average metallopolymer matrix grain size, based on the microscopic study of metallopolymers dispersed structure. The research 
the authors have performed demonstrates that classical cutting theory is not applicable to metallopolymers; it is necessary to 
develop new models, taking into account the dispersed structure of these materials. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
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1. Introduction  
Polymeric composite materials, namely – metallopolymers, are wider and wider used in modern machine building 
industry. As of now, metallopolymers are mainly used for surface repair of machines parts and structures. 
Metallopolymers are acting as repairing cover of worn-out surface. Different parts can be subject to repair: shafts, 
shafts bearing journals, cases bearing journals, covers, gear boxes covers, etc. Analysis of the metallopolymer repair 
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technics, performed in dedicated repair organizations of the Urals region and Moscow, revealed, that in 75 % of 
cases, metallopolymeric cover is finally processed by grinding. 
As of today, there are quite a lot of works, dedicated to issues, related to mechanical processing, namely by 
grinding, of metallopolymeric covers [1-5]. However, there are almost no any recommendations on processing 
modes for such covers, as almost all of present data are extremely empirical, resulting in their narrow applicability. 
In order to work out such recommendations it is necessary to reveal main mechanisms of the metallopolymers 
grinding processes - effects of grinding wheel and modes parameters on processed surface microprofile, assuring 
processing accuracy, assuring processing soundness, etc. All said processes are based on allowance removal 
mechanics, i.e. metallopolymer cutting. 
Metallopolymers are classified as dispersed materials – metal or its carbides particles are randomly (with even 
distribution) located in polymer matrix. This allows supposing than chip formation mechanics under cutting these 
materials will differ from metals processing. 
As no data on chip formation for metallopolymers cutting studies was found, first stage included qualitative 
analysis of such new materials cutting mechanics. 
2. Experimental research of the fracture  
Up-to-date interpretation of the grinding processes from the point of cutting model determines it as multiple 
stochastic micro cutting by abrasive grains [6]. Experiment on microcutting metallopolymers by a single abrasive 
grain under cutting speed of 35 m/s was performed in order to study metallopolymers cutting mechanics specifics 
under grinding conditions. 
Qualitative evaluation of the metallopolymers microcutting specifics was performed by comparing microcutting 
notches for metals and covers from metallopolymers, used for repair works. Leo-Stea' and Chester Super Metal BR 
metallopolymers were used for tests. Steel 45 (HRC 42…45) was used as reference metal. 
Experiments were performed on a special microcutting bench. Formocorund grains were used as cutting material. 
Cutting was performed in following modes: abrasive wheel speed Vɤ=35 m/s, sample temperature T=20º, cutting 
depth t=5 μm. 
Fig. 1 shows pictures of the reference notches (microcuts) on steel 45 under magnification x12.5, x25, and x82. 
              
Fig. 1. Pictures of Notches on Steel 45: (a) under magnification x12.5; (b) under magnification x25; (c) under magnification x82 
Fig. 2 and 3 show pictures of notches on metallopolymers Leo-Stel and Chester-Molecular Super Metal BR under 
same magnifications of x12.5, x25, and x82. 
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Metals cutting process is the process of cut-out layer plastic deformation. Following metal cutting specifics can 
be observed: plastic deformation of metal at notch edges - crowdings; sharp form of the notch (Fig. 1). 
Metal filler particles size for Chester Super Metal BR metallopolymer is about 5 μm. This material can be 
considered as low dispersive against the deformation area. As it is demonstrated, under low dispersity, metallopolymers 
also demonstrate small crowdings at notch edges (Fig. 2). 
Under increasing metallopolymers dispersity plastic cutting is almost absent (Fig. 3). Leo-Stal' metallopolymer 
has metal inclusions of about 200 μm, so its dispersity against cutting area is essential. In case of grain included into 
solid metallopolymer inclusion, inclusion particles can stick to this grain resulting in cutting, performed by this 
inclusion. 
                   
Fig. 2. (a) Pictures of Notches on Metallopolymer CHESTER Super Metal BR under magnification x12.5; (b) Pictures of Notches on 
Metallopolymer CHESTER Super Metal BR under magnification x25; (c) Pictures of Notches on Metallopolymer CHESTER Super Metal BR 
under magnification x82 
                
Fig. 3. (a) pictures of Notches on Metallopolymer Leo-Stal' under magnification x12.5; (b) ) pictures of Notches on Metallopolymer Leo-Stal' 
under magnification x25; (c) ) pictures of Notches on Metallopolymer Leo-Stal' under magnification x82 
3. Study of the dispersive structure  
Composites surface structure was studied on the electron microscope IM7200 MEIJI TECHNO. Following 
processing of the digital pictures was performed by the Thixomet PRO software, being analyzer of the pictures 
dedicated for solving tasks on quantitative metallography of steels and alloys, as well, as of other materials. 
a b c 
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Problem of the terminal objects, located on the field of vision edge, is one of the unsolved tasks of the 
conventional quantitative metallography. As part of such objects area is located out of the field of vision, seen 
through oculars or camera, it is impossible to evaluate metric parameters of such objects. Excluding terminal objects 
out of analysis leads to essential problems of results repeatability form one field to another. Another problem of the 
conventional metallography is impossibility to observe large area in the field of vision under high resolution. 
Thixomet PRO solves both of these tasks by creating algorithm of splicing adjustment fields of vision. This 
algorithm allows forming a panorama of several dozens or hundreds of fields of vision and resolution of several 
dozen megapixels. Specific area of the terminal objects decreases a hundred times. 
Software module Titan Alloys was used for calculating filler particles metric parameters. This module was 
worked out for evaluating two-phase titanium alloys but allows analyzing other two-phase alloys. 
Discriminating ranges are used for recognition of different structure objects, differing in brightness or color. 
Range processing is performed in the color histograms window. 
The simplest and most effective way of finding discriminating range, indicative for this type of the structure 
objects (nonmetallic inclusions, oxides, second phase, etc.) is implemented in automated mode. Thixomet PRO finds 
borders of the indicated object, as well as of all other objects, which color falls into found range. In case of inexact 
identification results it is possible to correct them by changing discriminating threshold. 
Fig. 4 includes digital images of the studied metallopolymers surfaces, received on the electron microscope. 
                        
 
                        
Fig. 4. (a) digital pictures of the metallopolymers surface Belzona 1321; (b) digital pictures of the metallopolymers surface Devcon Ceramic L; 
(c) digital pictures of the metallopolymers surface Diamant Ceramic FL; (d) digital pictures of the metallopolymers surface Leo- Ceramic 
Metric parameters of inclusions calculation results are indicated in Table 1. For display purposes Fig. 5 shows 
diagram of grains numbers in the frames of the effective range, indicating mode value. Significancy threshold is set 
on 85 % in order to exclude the smallest grains, having low effect on mechanical processing. 
Table 1. Inclusions metric parameters calculation results. 
Parameter Belzona 1321 Devcon Ceramic L Diamant Ceramic FL Leo- Ceramic 
Grains quantity 282 1,149 24 2,064 
Grains quantity for 1 mm2 31,869 4,800 152,012 8,902 
Average grain area, [μm2] 31 208 7 112 
Minimum grain area [μm2] 2.01 1.05 2.02 2.11 
Maximum grain area [μm2] 1,790.38 9,416.36 26.50 9,060 
Average grain diameter [μm] 5.60 14.43 2.56 10.60 
Grain number [G] 12 9 14 10 
Grain number G mode 9 7 12 6 
Grain number G and its frequency in the frames 
of the effective 85% range 
6 (20.2%) 
7 (10.3%) 
4 (15.4%) 
5 (18.4%) 
12 (33.4%) 
13 (11.1%) 
3 (11.4%) 
5 (14.1%) 
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8 (4.6%) 
9 (23.2%) 
10 (6.7%) 
11 (10.4%) 
12 (10.5%) 
13 (5.0%) 
14 (4.3%) 
15 (3.6%) 
6 (19.2%) 
7 (19.9%) 
8 (12%) 
9 (7.3%) 
10 (3.6%) 
14 (27.6%) 
15 (19.8%) 
16 (8.2%) 
6 (21.5%) 
7 (19.1%) 
8 (13.8%) 
9 (8.7%) 
10 (4%) 
Coefficient of material volume filling with 
filler particles [%] 4.6 12.4 0.4 8.3 
 
Mathematical expectation on grains size is indicated in Table 2. 
 
 
Fig. 5. Diagram of grans numbers distribution within effective range, indicating mode 
Table 2. Inclusions metric parameters calculation results. 
Metallopolymer type Filler particles average size 
Belzona 1321 9 
Devcon Ceramic L 6 
Diamant Ceramic FL 13.5 
Leo-Ceramic 5.5 
4. Conclusions  
Microcutting mechanics and dispersed structure of metallopolymers analysis allows to conclude that 
metallopolymers microcutting mechanism differs from the one, typical for metals. The higher is the metallopolymer 
dispersity, the significantly is the difference between metal and metallopolymer microcutting mechanism. Therefore, 
classical cutting theory is not applicable to metallopolymers; it is necessary to work out new models, taking into 
account dispersed structure of these materials. 
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